We examined the effects of orally administered flavonoids isolated from buckwheat (Fagopyrum esculentum Moench) sprouts in restrained mice. These flavonoids have been shown to have antioxidant activities in vitro. A propylene glycol (PPG) or flavonoid (mixture of rutin, orientin, isoorientin, vitexin, and isovitexin in PPG) solution (100 mg/kg body weight) was administered to mice intragastrically once per day for three days, after which the mice were restrained for 24 h. Unrestrained mice were administered PPG solution with or without free access to feed and water. Restraint stress induced increases in plasma corticosterone, plasma glutamic-oxaloacetic transaminase activity, and the amount of thiobarbituric acidreactive substances in plasma and liver tissues. In contrast, these variables were suppressed in the mice that were administered flavonoids. These results suggest that flavonoids from buckwheat sprouts have in vivo anti-stress effects against the reactions induced by immobilization in mice.
Introduction
Many stressors cause physical and psychological stresses. Numerous studies using stress models have shown that physiological and psychological stress stimuli activate the sympathetic nervous system and hypothalamic-pituitaryadrenal (HPA) axis, which results in the secretion of catecholamines from the rat brain (Tanaka et al., 1983) and the adrenal medullary cells (Jung et al., 2000) and glucocorticoids from the adrenocortical cells (Takeuchi et al., 2001) . Excess glucocorticoid concentrations can have harmful effects such as hypertension, ulcers, immunosuppression, and reproductive impairment (Sapolosky, 1994) . In addition, it has been reported that restraint stress leads to an increase in reactive oxygen species (ROS) in the brain, plasma, and liver. Consequently, oxidants from stress could contribute to the degenerative diseases of aging, including brain dysfunction (Liu et al., 1996) . Furthermore, an elevation of blood glucose, blood pressure, or lipids by stress stimuli results in the onset of lifestyle-related diseases such as diabetes (Stefan et al., 1971 , Carter et al., 1987 , Thernlund et al., 1995 . Therefore, much attention has recently been focused on food components with anti-stress activities for preventing many diseases and morbid states. Buckwheat sprouts are rich sources of phytochemicals such as flavonoids (Watanabe and Ito, 2002) and anthocyanins with antioxidant activity (Watanabe, 2007) . The protective effect of rutin, one of the major flavonoids in buckwheat sprouts, against gastric ulcer induced by 50% ethanol was ascribed to its antioxidant activity (La Casa et al., 2000) . Cruz et al. (1998) reported that oral administration of rutin ameliorated inflammatory bowel disease induced by trinitrobenzenesulfonic acid in rats. Sai et al. (1998) showed that antioxidative green tea components were responsible for the effective inhibition of hepatic injuries induced by oral administration of 2-nitropropane, which generates ROS via its metabolites. Their results showed that antioxidative phenolic compounds can improve the dysfunction induced by oxidative stress. Moreover, some flavonoids inhibit the activity of xanthine oxidase, which catalyzes in vivo generation of superoxide anion radicals and uric acid. The inhibition of xanthine oxidase activity is expected to suppress the generation of superoxide anions and uric acid in cases of ischemia-reperfusion injury and gout, respectively (Nagao et al., 1999) . Flavonoids and anthocyanins are common pigments widely distributed in the plant kingdom. Humans usually consume a large amount of flavonoids and anthocyanins from plant foods. In this study, we investigated the effects of orally administered flavonoids isolated from buckwheat sprouts in mice under restraint stress.
Materials and Methods
Flavonoids Etiolated buckwheat sprouts were grown as previously described (Watanabe and Ito, 2003) . The harvested sprouts were freeze-dried and powdered using a vibrating sample mill. Flavonoids were extracted with methanol from the powdered sprouts under reflux in a water bath at 75℃, and the extract was subjected to Sephadex LH-20 chromatography. The flavonoid fractions, obtained by elution with ethanol by monitoring absorbance at 350 nm, were dried under reduced pressure, and the residue was dissolved in PPG at a concentration of 10 mg/ml. The percentages (w/w) of flavonoid compounds (Fig. 1) in the solution, determined by HPLC analysis in the manner previously described (Watanabe and Ito, 2003) , were as follows: rutin, 30%; orientin, 12%; isoorientin, 17%; vitexin, 16%; and isovitexin, 25%.
Animals Female ddY mice were purchased from Japan SLC Inc. (Hamamatsu, Japan). They were housed in plastic cages in a temperature-controlled room (23 ± 1℃) under controlled light and dark conditions (12 h each), and had free access to water and feed (CE-2; Japan CLEA) until the experiment began. At eight weeks of age, the mice were randomly divided into four groups of 10 to 11 mice each. The mice in the restraint stress/flavonoid (RS) group were intragastrically administered 100 mg/kg body weight of buckwheat sprout flavonoid (BSF) solution (10 mg/ml in PPG) three times at 24-h intervals and were subsequently restrained for 24 h. The mice in the restraint stress/control (RC) group were intragastrically administered PPG solution and subsequently restrained for 24 h. The mice in the no restraint stress/fasting (NF) group were intragastrically administered PPG solution and subsequently fasted for 24 h. The mice in the no restraint stress/control (NC) group were administered PPG solution with free access to water and feed. The mice received humane care as outlined in the Guide for the Care and Use of Experimental Animals (National Agricultural Research Center for Tohoku Region).
Stress protocol Thirty minutes after the last oral administration of BSF or PPG solution, the mice were subjected to restraint stress by using 50-ml plastic tubes (2.7 cm × 10 cm) according to the method previously published (Bonneau et al., 1993 , Iwakabe et al., 1998 , and Kohno and Ohkubo, 1998 . In brief, the mice were placed under restraint stress individually by placing each of them in a tube with holes (0.4 cm diameter) for breathing for 24 h. After being immobilized, the mice were killed by collecting whole blood from the heart in heparinized tubes, and the liver was excised. The plasma was prepared by centrifuging the collected blood at 10,580 × g for 5 min at 4℃. The plasma and liver were stored at −80℃ until used.
Measurement of plasma corticosterone Plasma corticosterone, which is the main glucocorticoid in rodents, was extracted with ethyl acetate and measured by HPLC according to Hayashi's method (Hayashi et al., 2001) . Cortisol was used as an internal standard.
Measurement of plasma glucose and insulin Plasma glucose was measured with a Glucose C-II Test Wako Kit (Wako Pure Chemical Ltd., Osaka, Japan) according to the instruction manual. Plasma insulin was assayed using an enzymelinked immunosorbent assay kit for mice (Shibayagi, Co., Ltd., Gunma, Japan).
Extraction of lipids from liver tissues Total lipids in liver tissues were extracted according to Folch's method with chloroform-methanol (2:1; v/v) solvent (Folch et al., 1957) . After removal of the solvent from the extracts, the residue was dissolved in 2-propanol containing 10% Triton X-100. This crude lipid solution was used for the measurement of lipids.
Measurement of lipids Total cholesterol, HDL cholesterol, and triglyceride concentrations were measured with Cholesterol E Test, HDL Cholesterol E Test, and Triglyceride E Test kits, respectively (all from Wako Pure Chemical Ltd.).
Assay for plasma glutamic-oxaloacetic transaminase (GOT) and glutamic-pyruvic transaminase (GPT) Plasma GOT and GPT activities, enzyme markers for injury to the liver and other tissues, were assayed with a Transaminase C-II Test Wako kit (Wako Pure Chemical Ltd.) according to the instruction manual. tissue homogenate were analyzed using Kikugawa's method (Kikugawa et al., 1992) , which is a modification of Ohkawa' s method (Ohkawa et al., 1979) . Plasma TBARS were analyzed according to Yagi's method (Yagi, 1976) .
Assay for thiobarbituric acid reactive substances (TBARS) in liver and plasma
Measurement of protein content in the liver homogenate The protein concentration in the liver homogenate was measured by a Protein Quantification Kit-Rapid (Dojindo, Kumamoto, Japan).
Statistics Statistically significant differences between groups were evaluated by one-way analysis of variance (ANOVA) followed by the Tukey-Kramer test with the use of Prism 4 software (GraphPad Software Inc.). Differences at P < 0.05 were considered to be significant.
Results
The effect of BSF on plasma corticosterone concentrations in restrained mice is shown in Fig. 2 . The concentration of plasma corticosterone was higher in the NF and RC groups than in the NC group, and the concentration in the RC group tended to be higher than that in the NF group. The elevation of plasma corticosterone in mice in the NF and RC groups indicated that stressor stimuli-food restriction and immobilization-activated the HPA axis in these groups. In contrast, pretreatment of mice with BSF (RS group) significantly suppressed the elevation of plasma corticosterone compared with the RC group (P < 0.05).
The effect of BSF on plasma glucose concentrations in restrained mice is shown in Fig. 3 . The plasma glucose concentration was lower in the 24 h of fasting (NF) and restraint (RC and RS) groups than in the NC group. Among the fasting and restraint groups, the plasma glucose concentration was higher in the RC group than in the NF group, and administration of BSF suppressed glucose concentrations in the RS group compared with the RC group (P < 0.001). Although plasma insulin concentrations were lower in the RS group than in the NC group, concentrations were not significantly different between the NF, RC, and RS groups (Fig. 4) .
Concentrations of total cholesterol, HDL cholesterol, and triglycerides and the arteriosclerotic index (total cholesterol -HDL cholesterol/HDL cholesterol) in plasma are shown in Table 1 . Although the concentration of plasma total cholesterol was significantly higher in the NF, RC, and RS groups than in the NC group, it was lower in the RS group than in the RC group. In contrast, the concentration of plasma HDL 3 . Effect of buckwheat sprout flavonoids (BSF) on plasma glucose concentrations in restrained mice. NC, no restraint stress/ control group; NF, no restraint stress/fasting group; RC, restraint stress/control group; RS, restraint stress/flavonoid group. Data are mean ± SE (n=10). * P < 0.05, ** P < 0.01, *** P < 0.001.
cholesterol was significantly higher in the RS group than in the NC group, so that the arteriosclerotic index in the RS group was substantially lower than that in the NF and RC groups (P < 0.05). On the other hand, the concentration of plasma triglycerides was significantly lower in the NF, RC, and RS groups than in the NC group, but it was not significantly different between the NF, RC, and RS groups. In liver tissues, the concentrations of triglycerides were higher in the NF, RC, and RS groups than in the NC group, but concentrations were not significantly different between the NF, RC, and RS groups. However, the concentration of total cholesterol was higher in the RS group than in the NC group (Table  2) . Plasma GOT and GPT activities-enzyme markers of injury to tissues such as the liver-are shown in Table 3 . Although plasma GOT activity was significantly higher in the NF and RC groups than in the NC group, pretreatment with BSF tended to suppress the elevation in the activities of these enzymes compared with the RC group. In addition, the pattern of GPT activity among the groups was similar to that of GOT activity, i.e., GPT activity tended to be lower in the RS group than in the RC group. These results indicated that the damage to tissues induced by stress stimuli, including the liver, decreased with the administration of BSF in restrained mice.
TBARS concentrations in plasma and liver tissues are shown in Fig. 5 . The data suggest that the stress of food restriction did not affect lipid peroxidation in vivo, whereas restraint stress elevated lipid peroxidation in both plasma and liver tissues. Pretreatment with BSF significantly suppressed the elevation of TBARS concentrations in both plasma and liver induced by restraint stress.
Discussion
The importance of identifying anti-stress components originating from natural sources is increasing, partly because oxidative stress, induced by physical and psychological stressors, leads to the insufficiency of organs such as the liver and induces morbid states, e.g., hyperglycemia and hypertension. Anti-stress effects of many food materials and Table 1 . Effects of BSF on the plasma triglyceride concentrations, cholesterol concentrations, and arteriosclerotic index in restrained mice.
BSF, buckwheat sprout flavonoids; HDL, high-density lipoprotein; NC, no restraint stress/control group; NF, no restraint stress/fasting group; RC, restraint stress/control group; RS, restraint stress/flavonoid group. Data are mean ± SE. Different superscript letters indicate significant differences (P < 0.05). BSF, buckwheat sprout flavonoids; NC, no restraint stress/control group; NF, no restraint stress/fasting group; RC, restraint stress/control group; RS, restraint stress/flavonoid group. Data are mean ± SE. Different superscript letters indicate significant differences (P < 0.05). Table 3 . Effects of BSF on plasma GOT and GPT activities in restrained mice.
BSF, buckwheat sprout flavonoids; GOT, glutamic-oxaloacetictransaminase; GPT, glutamic-pyruvic transaminase; NC, no restraint stress/control group; NF, no restrait stress/fasting group; RC, restraint stress/control group; RS, restraint stress/flavonoid group. Data are mean ± SE. Different superscript letters indicate significant differences (P < 0.05).
components have been investigated, and extracts from gamazumi (Iwai et al., 2001) , oolong tea (Kurihara et al., 2004) , and astaxanthin (Kurihara et al., 2002) have been reported to be effective in restrained rodents. Because the antioxidative activity of these food materials and components is extremely high, BSF, containing antioxidative flavonoid compounds, was expected to have anti-stress effects in restrained mice. Although there have been numerous reports about the in vivo regulation of flavonoid compounds, most findings concerning their regulation focus on aglycones and O-glycosyl flavonoids. It was reported that rutin is hydrolyzed to its aglycone, quercetin, by the cecal microflora and is subsequently absorbed from the small intestine (Manach et al., 1997) . In addition, the presence of aglycones and/or conjugates of some flavonoids such as naringenin (Peng et al., 1998) , hesperetin (Tsai et al., 2000) , epicatechin (Abd EI  Mohsen et al., 2002) , quercetin, and quercetin glycosides (De Boer et al., 2005) in the brain after oral ingestion of flavonoids has been reported. The low distribution of quercetin in the brains of rats fed quercetin-containing diets (De Boer et al., 2005) suggests that BSF and/or its metabolites would be only slightly effective in the brain. Recently, we investigated the plasma concentration of each flavonoid compound in BSF 2 h after oral administration to mice and confirmed the presence of the intact form of C-glycosylflavones (data not shown)-the main components in BSF. This finding may be attributed to the difficulty with which cecal microflora hydrolyze C-glycosylflavonoids compared with O-glucosylflavonoids. However, clarification of the in vivo regulation of flavonoid compounds in BSF is needed.
The elevation of glucose concentrations in rodents subjected to restraint stress has been reported previously (Sugimoto et al., 1998 , Kasuga et al., 1999 , and the results of the earlier studies agree with the results of the present study. In emergency situations, the activation of the sympathetic nervous system by stressor stimuli induces the secretion of adrenaline from adrenal medullary cells. Subsequently, adrenaline suppresses the secretion of insulin from pancreatic β-cells, which results in an increase in the blood glucose concentration (Shimazu, 1981) . DeTurck and Vogel (1980) have reported that values of plasma catecholamine levels reached a peak at 1-5 min and declined slowly thereafter toward baseline in immobilized rats. Kasuga et al. (1999) deduced that the effect of plasma catecholamine concentrations on insulin concentration was eliminated on exposure to restraint stress for 16 h per day for 2 consecutive days. Although plasma catecholamine concentrations were not determined in the present study, no significant difference in plasma insulin concentrations was noted between the RC and RS groups or the NC and RC groups. The results suggest that the effect of catecholamines on plasma glucose concentration via insulin at 24 h of fasting and immobilization would be minimal or eliminated.
Another factor affecting plasma insulin concentrations is cyclic adenosine monophosphate (cAMP), which regulates insulin secretion from the pancreas. An increase in the cAMP level induced by an agent could be interpreted as inhibition of cAMP-phosphodiesterase (i.e., the catabolic enzyme of cAMP) activity, which eventually, through stimulation of insulin secretion, reduces blood glucose concentration (Saltiel et al., 1986) . Although it has been reported that the hypoglycemic effect of some flavonoids, such as rutin, vitexin and isovitexin, is attributable to the inhibition of cAMPphosphodiesterase, C-glycosides of luteolin, isoorientin and orientin were inactive (Petkov et al., 1981) . However, Sezik et al. (2005) reported a hypoglycemic effect of isoorientin in Gentiana olivieri, and they also reported that the effect of NC, no restraint stress/control group; NF, no restraint stress/fasting group; RC, restraint stress/control group; RS, restraint stress/flavonoid group. Data are mean ± SE (n=10 ~ 11) (A) **P < 0.01, *** P < 0.001. (B) *** P < 0.001.
isoorientin might not be dependent on cAMP-phosphodiesterase enzyme inhibition. Further evaluation of the effect of BSF on the insulin level is required. After an emergency situation, chronic stress activates the HPA axis, resulting in elevation of plasma glucocorticoid concentrations from the adrenal cortex. Thereafter, elevation of the blood glucose concentration results from an increase in gluconeogenesis in the liver by glucocorticoids. In the present study, the plasma corticosterone concentrations were significantly higher in the NF and RC groups than in the NC group. These results suggested that the stress stimuli-fasting and immobilization-may have activated the HPA axis in mice. The suppression of the plasma corticosterone level in the RS group compared with the RC group raises the possibility that pretreatment with BSF may suppress activation of the HPA axis. Suppression of the blood glucose concentrations in mice administered BSF (RS group) compared with fasting (NF) and restraint stress/control (RC) groups could be attributed to the reduced plasma corticosterone concentration in addition to the hypoglycemic activity of flavonoid compounds in BSF including isoorientin. Thus, it is believed that BSF could prevent hyperglycemia induced by stress stimuli.
Regarding lipid metabolism, the plasma total cholesterol and HDL cholesterol concentrations were not significantly different between the RC and NF groups; therefore, restraint stress conditions in the present study would not be expected to affect the plasma cholesterol concentration. However, the plasma arteriosclerotic index improved in the RS group after pretreatment with BSF compared with the NF and RC groups. This effect was mainly attributed to suppression of the total cholesterol concentration, which was significantly lower in the RS group than in the RC group (P < 0.05), and to the increase in HDL cholesterol concentrations. Antihyperlipidemic activity, i.e., suppression of plasma cholesterol and triglycerides by rutin and isoorientin, has been reported in streptozotocin-induced diabetic rats (Stanley et al., 2006) . The beneficial effect of rutin on lipid metabolism was attributed to its antioxidant activity. Therefore, the antihyperlipidemic effect of BSF in restrained mice could be ascribed to the flavonoid compounds with antioxidant activity in BSF, such as orientin, isoorientin, and rutin. The brain is a target for different stressors because of its high sensitivity to stress-induced degenerative conditions (Sahin and Gumusul, 2004) . It has been shown that restraint stress induced oxidative damage to the lipid, protein, and DNA in the brains of male Sprague-Dawley rats. Moreover, oxidative damage to the plasma and liver was similar to that in the brain (Liu et al., 1996) . Because it is hypothesized that oxidants from stress could contribute to accelerated aging and degenerative diseases (Olanow, 1992) , the inhibition of oxidative damage induced by stress stimuli should be expected. In the present study, although concentrations of TBARS in the plasma and liver of mice in the NF group were not significantly different from those in the NC group, concentrations of TBARS in the RC group were significantly higher than those in the NC group. In contrast, oral administration of BSF effectively suppressed the elevation of TBARS in plasma and liver, suggesting that the effects of BSF are attributable to the antioxidant activities of the flavonoid compounds in buckwheat sprouts against ROS induced by stress stimuli. In future studies, the effect of BSF on lipid peroxidation in the brain should be investigated along with its in vivo regulation.
In summary, the results of the present study confirm the anti-stress health benefits of BSF. In particular, BSF showed hypoglycemic and antihyperlipidemic effects and suppressed increased oxidative stress in vivo.
